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Experimental Status
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Tevatron

® Over 6 tb'! delivered

® Data taking efficiency
~80-90% level

® Millions of leptonic W’s

® Starting to be sensitive
to SM Higgs
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LHC

® (Collisions starting in November

® Tens of pb-! @ 10 TeV

® Very short shutdown in January,
then collisions March-October y.

® Hundreds of pb! @ 10 TeV
® 1033 1n 20117

.
AAAAA

® Timescale for 14 TeV running Ll L X5
not known

24 Feb 2008

® Will have some indication when
training to 12 TeV done
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ATLAS

e Installed in-situ (installation  RAESREREN )
essentially complete) 1t/

® Precise tracking

® Two magnet systems, liquid
Argon calorimetry

Muon Detectors Electromagnetic Calorim
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ATLAS Commissioning

ATLAS 2008-03-10 01:21:40 CET event:JiveXML_44316_524736 run:4431

® In-situ commissioning in full
swing

® Testbeam data analysis coming to
an end - learned a lot, including

which GEANT4 physics models
closer to reality

Y m)

® Also offline commissioning:

® Injected many hours of

“data” (cross-section weighted

MC) at the trigger output ]| I ==
® Full processing chain, including E:E

analysis R S ST
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CMS

® Most of the assembly done on the surface, then
lowered 1n “slices”

® Key features: crystal calorimeter, all-silicon tracker

SUPERCONDUCTING iﬁkPR'METERS
COIL \\ bCIn[IIIEIIng HCAL

TRACKER

Silicon Microstrips
Pixels

Total weight : 12,800 t
Overall diameter ;|15 m

Plastic scintillator/brass

PbWO4 crystals ;
- =0 sandwich

IRON YOKE

MUON BARREL

Overall lenath : 21-6-m
Viagnetic field : 4 Tesla

Drift Tube Resistive Plate Cathode Strip By
Chambers (DT ) Chambers (RPC ) Resistive Plate
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ATLAS & CMS Ramp-Up

® Commissioning with beam starts again in October
® Initially beam halo & beam-gas interactions
® Then jets, leptons, W’s, Z’s, top

® [ ots of references are made to Run II
® First year of data was essentially discarded

® However:
® Do not have 100 pb-! at 10 TeV yet

® ATLAS & CMS are at a much more advanced stage of readiness
than CDF & DO were in 2001

® Expect to do physics with 2010 data
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Simulation: Technical
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Experimental Duality

® Real Life

® Physics event (“hard scatter”)
= (Parton shower)

= Interactions of particles in detector lead to
more particles and leave (tiny) electrical or
optical signals (with bias)

= Record some (biased) fraction of events

= Pattern recognition to reconstruct showers,
tracks (with unavoidable bias)

= [Infer physics

Simulation

Generator

Pythia/Herwig
(Matching)

Geant/
Parametrized

Trigger Sim.

Reconstruction

Analysis
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Detectors & Interactions

Not so easy to
simulate exactly...
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Correcting for Biases

® To infer the physics, we need to correct for all the
biases that have been introduced by the “event
selection” (incl. detector, trigger, reconstruction)

® Simulate all contributing processes and put them through
the full simulation chain (which has its own biases)

><1|03 :

® Add all contributions, 2 o b praiminay @AY L
- L -'[r):;;a —
compare to data £2sf min -
> Waib/c-jets
w Wetjets(l.f.)

Not always easy -
to determine why “t B
data doesn’t agree = m
with “expectation” o

(or: unfolding is hard!)

II|IIII|IIII|1III|IIII|I

25 3 3.5
min A¢(Jets, ET)
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Biases, 11

® In practice:
® Determine MC efficiencies (easy)
® Determine data efficiencies (not so easy)

® Apply data/MC scale tactors to MC
® Generally depend on pT, 1, ¢, ...

® For trigger and reconstruction separately, and
efficiencies can be very dependent on topology

® Many different corrections that need to be applied

® No too hard to make a mistake....
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Reproducibility

® Corrections we apply are not always small: 10-20%
effects rather common

® Uncertainties on these corrections are a big i1ssue - often
major contributions to systematic uncertainties

= In addition to reproducibility by another experiment,
require reproducibility within a single experiment

® Implies strict requirements on datasets used (some
corrections applied centrally, others analysis-dependent),
software used

= All datasets, including MC starting point, 1.e.
generator, produced by strictly controlled software

Gustaaf Brooijmans Slmulation & Experiment 6



® [n practice:

® Getting new generator code 1nto a software release 1s hard

4 e Code needs to be put into a release “in development”

® (Code needs to be validated (run events through, check things
don’t crash, make plots showing things are ok)

O(1 year)!

® Release needs to go in production (requires release validated for
 / many other things as well)

® Matrix element approach through LHEF should allow to
reduce this

® But inputs need to be archived somewhere

® So getting .lhe files from a favorite theorist 1s not quite good
enough....

Gustaaf Brooijmans Slmulation & Experiment |7



Simulation: Physics
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Monte Carlo @ Tevatron
® A short word of history

® madevent has been in use 1n top mass analysis since mid-
late 90’s (more later)

® Start of Tevatron Run II (2001):

® Pythia (“old shower”) and herwig were the workhorses

® Given Run [ statistics, these were ok

® ~2002, alpgen becomes available for users
® For experimenters, need interface with parton shower

® Double counting (i.e. “matching’) comes up, and solution

® Developments happened during Run II
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® ~2007 sherpa with all “required” features (radiation etc.)

® ~2007 madevent-pythia matching as well, MLM

® (CKKW advertised but not really available)

® [ate 2004 pythia with “new” pl-ordered shower

® Not used at Tevatron AFAIK, used in ATLAS

® ~2004 Run II statistics establish value of ME codes

® ~million leptonic W’s, ME needed to cover phase space

® ~2007 increased stats — increased sensitivity

® Millions of leptonic W's, start seeing “issues” with MEs

® Concurrent with theoretical studies of matching

Gustaaf Brooijmans Slmulation & Experiment
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Basic Physics Analysis

® Decvise a set of selection cuts geared towards
improving S/B

® Often two sets: “loose” (control sample) and “tight”

® Dectermine the resulting sample’s composition

® For high-p! physics at a hadron collider:

Increasing difficulty

o
v

Diboson from MC (usually small, + “trust” MC)

At the Tevatron, top from MC (“large” statistical uncertainties)
Z+jets from data & MC (“easy” to get a clean sample)

QCD multijet from data

W + jets from MC, but ....

Gustaaf Brooijmans
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® (Can get a clean sample, check if our simulation reproduces

the data

= yes!

(but
not good

enough)
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Using MC Generators
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® (learly, ratio alpgen/sherpa depends on who runs the
generator when..... (there are many parameters!)
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Correction Factors
® Of course, the ME’s are LO, so “K-factors” needed

® Different ones for heavy flavor etc..... convention to
avoid confusion....

e K-factor is purely theoretical, and denotes a (N)NLO/LO ratio of cross, m%

* K’-factor is also theoretical, and denotes a (N)NLO/LL r atliﬁ\% sections.

According to Steve, ALPGEN cross 5g<mns

* S-factor is empirical, and comes on ?‘Ix to bring MC in agreement
with data. MIC should Slra alized to luminosity, and all
correction (a k.a SCﬂ s should be applied (trigger, ID...);

* HF-factor is, i m them etical, but in practice only theory inspired.

how much heavy flavor production should be increased,

d&mp of K or K’, and possibly S;

\(\- S_HF-factor is empirical, and comes on top of K or K’, S, and HF, to bring MC
in agreement with data, after b-tagging.
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Data and ME

® Remember, alpgen currently the main generator used

® LExperiments have large “inertia” (rather have “known”

problems...)
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S0...
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You Can Do This at Home

(In principle)
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What Are We L.earning?

® Tevatron samples large enough to do precision”
V+jet§ thSiCS Precision means:

“can’t hide in statistical uncertainty”

® We see differences between data & “ME MC”

® After applying all “k”’-factors we expect (+ p'-dependent
reweighting, heavy flavor)...

® ...+ some overall normalization factors we observe to be
necessary

® (Eerily) similar differences can be observed between
MC generators (at least in 1) distributions)

= In principle it should be possible to understand their origin
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Why Is This Bad?

® Experimentally, we determine contribution to
“W+jets” from QCD multijet, Z+jets, top, ...

® But if we lack the necessary precision in
understanding the shape of the actual W+jets
contribution, we can’t”

® Measure WW — /vj; 630
O/\
QD
® Search for qq — Wyqq — Wqq (the only VBF process
accessible at the Tevatron...)

® Secarch for H = WW — Jvjj

*Can’t is a strong word... we can reweigh & assign a systematic uncertainty of the same size as the effect

Gustaaf Brooijmans Slmulation & Experiment 29



How Important Is This?

® The understanding of W+jets (1.e. the discrepancy
between data and alpgen, and between various
generators) 1s currently one of the major difficulties in
many Tevatron analyses

® Comparisons between the other generators and data will
hopetully be available soon

® Based on the plots, I believe/hope the problem can be
® Understood, and

® Solved = “Mega-W precision”

® IMHO it would be a mistake to postpone this to LHC

® [t will probably be harder, + no need to delay
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Anyway...

® [uckily, we can make signal-poor samples, and
based on that adjust the MC to the data

® Take the size of that adjustment as a systematic
uncertainty

® (This adjustment 1s not 1n places that are particularly
sensitive to the signal BTW)

® Then proceed with the Higgs/single top/... search

® Need to look at all channels (e.g. production, and decay of
both H, W and 7))

® Push sensitivity in each channel to the limit

Gustaaf Brooijmans Slmulation & Experiment
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Matrix Element Analyses

® Currently yield the most precise measurement of the
top quark mass, also

® Major contribution to the evidence for single top

® Big contribution in Higgs searches

® Basically unbinned maximum likelihood fits

® LEvent-by-event measured uncertainties

. , . -
More weight for more signal-like event Transfer functions:

® Determine event’s “signal probability’”: generated — measured

momenta
b-tag prob matrix element /
— 2
J o M)A Mgg— Ty
E w; / E dql@ﬂf@l)i(%}( | {2 . ) dPeW (x,y; JES)
perm 41.92.1 flavors 1192
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® (Caveats:

® [O matrix elements:
® Require exact number of jets

® FEvaluation of NLO systematic not so easy

® Recent development: replace madevent with MCFM

® Done in Higgs searches, where likelihood output 1s injected in
neural net

® Increases Higgs sensitivity by ~1.3 (equiv to 1.7 x more data...)

“EE_I | T T T T | LI T | T LI | LI B | | |_

. Of Course . | ;_ Tevatron ti production

jet pgp > 10 GeV

de/ dy (ph)
=] -]
L B
|

=
=
(=]

=]
(=1
=

ot
o
o

v of the hardest jet
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Top @ Tevatron: Production & Decay

O Top mass and cross-section measurements are very
accurate

® ‘“‘Integral” measurements

® ‘“‘Differential” measurements statistics limited

tt resonance search WV helicity in top decay
o F Y
€ 70 (b) DG, L=2.1fb' -=Data (=] - D@ Run Il preliminary
°>’ E Z' V ?ﬁ 60—
® goC Preliminary [ ]z(850 GeV) @ - Lepton+jets channel —e— Dgdata, 1.2f0"  (a)
b B B fi i = —— Signal + background
D 50 + Sinale to c B Waly 0 e SM Signal + background
g’ - + g P L 40— [ ] Background
2 40F Diboson -
: Wjets e B e
30 : B
- Z+jets 20— - 1
201 B Multijet ] _ ? - ¢
10F 4] — ——
i, -1 -0.5 0 0.5 1
%200 600 800 1000 120 coSo*

M, [GeV]

Gustaaf Brooijmans Slmulation & Experiment 35



Top @ Tevatron: Just top?

. . b
® Scarch for stop pair production :
T1 X’1
® [t looks like a top .
1
® Use multiple variables in likelihood e
P, of reconstructed leading jet 913 pb” :gfggm P of reconstructed leading jet 913 pb” :gggm
2 140 T T T T T T T (175/135) T L L R I £ )
*§120:_ D@ Preliminary =Swvb§é E 255_ D@ Preliminary =&b§;
* 1005— (Electron channel) m .o * b (Electron channel) m .o
- -si.ngletop 2 -si.ng\etop
oo e z z
- . 10~ -
“F 4 b-tag | :
2o — > E
o5 550 T [ - — 550
pT[GeV] pT[GeV]
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Top and Simulation

® At the Tevatron, small statistics — large statistical
uncertainties

® Accuracy of top simulation only needs to be that good

® But, very difficult to correct simulation based on data

® For (non-top) W+jets some handle from Z+jets

® Good for a counting experiment, i.e. how many 1lv + 4 jets from W
+jets?

® But reweighting in multiple variables tricky, and modern analyses
all use some kind of multivariate technique

® What is the best way to validate top simulation?

Gustaaf Brooijmans Slmulation & Experiment
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At the LHC

® (Cross-sections:
® W.Zx10
® top x 100+
= ] fb-! yields

® ~106 tt pairs (x 5-10% €) d
® ~6107leptonic W’s (X €) o' E

® [Luminosity x 30

® We expect 100’s of fb-! 0° EGH-@J

= “Giga-W, mega-top”

proton - (anti)proton cross sections

]_D T

¢ (nb)
5]

< F
10 E‘GHM{

T T

Ty

ot

Tevatron

u:sJ.Eﬂl:lETj_j1 = s/4)

M, = 150 GeV)

M, = 500 GeV)

0.1

12
07 cm™ =

events/sec for L
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‘“KFirst, the Standard Model”’

® Common wisdom for LHC 1s to first re-establish the

SM

® Yes! But what 1s 1t?

Large variation between
generators, and within
a generator significant

sensitivity to parameters

requency of Events

ATLAS study, Berkeley group
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® And there may be contamination!

® Even for the relatively low mass SUSY points below,
SUSY impact within generator differences

W cuts
1e+ﬂ?=b| T T ]
o prjy) > 100 GeV, : Baer, Barger, Shaughnessy, | E,ijz::n
1e+06¢ arXiv:0806.3745v | — Mehl
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e prija,....Jn) > 50 GeV.

bf
A I'“ m

o —
s i
o o
LRI 1

Not soft jets....

Cross Section (f

2
=
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Ratios, Top

® Natural to try W/Z ratio in jet bins

® Get much better agreement between generators

® Driven by energy scale, usually set to boson mass

ATLAS study, Berkeley group

May not help isolate SUSY

Ratio of Jet Multiplicity

contamination though
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Top @ LHC

® Early data = divide Tevatron error bars by 10

® Immediately get large samples

Early top x-section measurement

Preliminary
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— Hadronic Top Mass \
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New Physics Pollution

® New Physics contribution may or may not be easy to
1solate

® How dependent are these on the MC generator?

tt, single lepton cuts

Cross Section (fb/bin)
I o
| [

[
I

tt, single lepton cuts

L]
T T
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-2

1

-— 1t
Wjets
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arXiv:0806.3745v |
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Top Simulation

® Possible to get clean, large tt samples in data (if not
polluted by new physics)

® But unfolding 1s hard: Z+jets unfolding has taken many years
at the Tevatron...

® (lean samples don’t have statistics 1n the tails

® Need to know which variables are particularly useful in
1dentifying key uncertainties in modeling

® Things we can measure well, like lepton p' spectrum

® 5th jet y is a scary variable B

dz /Ay (pb)
(=]

® Scary mostly on “our” side

® But what generates this?
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Event Generation @ L HC

® Rule of thumb: want 10x more MC events than real
data

® Not going to happen @ LHC (in first n years)!

® W — |v exceeds rate-to-tape at design luminosity...

® Need to be very specific about samples that are most
useful to “adjust” generators

® Requires close interaction between experimenters &
generator experts...

® ... but of course we are limited in our ability to share
“data,’

® We’ll need to work our way through this
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New Physics

® Generation of new physics in various models readily
available

® SUSY extensively covered
® [.LRSM, some ED, ...
® Of course, exceptions

® Is there publicly available code for THTH— tt AHAn?

® New models without generators (or not interfaceable
to PS) can’t be tested by experimenters

® [HEF are a good start, but ...

® ... users should be able to change parameters
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New Physics Precision

® “All current new physics models are wrong (at some
level)”, phenomenology 1s what’s important

® We are limited in the number of samples we can produce

® Many new search techniques use multivariate
techniques, helicity variables

® Need to get many distributions “right”

® In signal & background: glrs = tr tr # (wide) Z” — t t

® Requires e.g. decaying top in madgraph before feed to
pythia = reduces “slots” left for extra jets

® Important to propagate spin information!
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Summary

® (reat datasets exist, fantastic ones will be collected
Jele)i!

® Mega-W, Kilo-top now, Giga-W & Mega-top soon

= Precision physics in V+jets, top+jets

® (ritical to discovery and/or understanding of new physics
® Top quark 1s the next big challenge
® FEarly LHC running will have lots of tt +1 jet, tt + 2 jets

® How soon is tt + 3 jets important?
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Summary (2)

® Multivariate techniques now very easy to use
(“standard” software packages)

® Requires fuller understanding of correlations between
distributions

® Maybe used a little too aggressively for the moment

® But critical to improving sensitivity!

® Tremendous progress in MC description of data in
past ~8 years

® But need to keep going!

® Dialog between experimenters and developers to 1dentify
variables most sensitive to modeling uncertainties
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